University of Wollongong

Research Online
Faculty of Engineering and Information
Sciences - Papers: Part A

Faculty of Engineering and Information
Sciences

1-1-2012

Determining the vertical profile of reflectivity using radar observations at
long range
Kate Snow
University Of Wollongong

Alan Seed
Centrti/ar Auslralion Weallterand Climate Research. Bureau of Meteorology

George Takacs
University of Wollongong, gjt@uow.edu.au

Follow this and additional works at: https://ro.uow.edu.au/eispapers
Part of the Engineering Commons, and the Science and Technology Studies Commons

Recommended Citation
Snow, Kate; Seed, Alan; and Takacs, George, "Determining the vertical profile of reflectivity using radar
observations at long range" (2012). Faculty of Engineering and Information Sciences - Papers: Part A.
536.
https://ro.uow.edu.au/eispapers/536

Research Online is the open access institutional repository for the University of Wollongong. For further information
contact the UOW Library: research-pubs@uow.edu.au

Determining the vertical profile of reflectivity using radar observations at long
range
Abstract
The Vertical Profile of Reflectivity (VPR) plays an important role when estimating the rain rate at the
surface and has been the subject of radar meteorology research for many years. The VPR can either be
sampled directly from observations that are close to the radar where the impact of the convolution with
the beam pattern can be ignored, or the parameters for a theoretical form for the VPR are estimated using
the available observations or climatology. In either case, a significant difficulty arises when a rain band
approaches the radar and quantitative precipitation estimates are required before any detailed
observations of the VPR at close range are possible. Long range in this context is the range where the
height of the lowest elevation angle in the volume scan is greater than the wet bulb freezing level at that
time, and therefore only limited information on the shape of the bright band is available. This paper uses a
modified version of the VPR model proposed by Fabry (1997) and evaluates strategies to make optimum
use of empirical observations, and how estimates for the model parameters could be updated in time.
The technique is demonstrated using case studies of widespread rainfall over Sydney and Brisbane,
Australia. Comparing the final technique to both the current short range and long range methods
indicates that the parameterised VPR is able to provide similar VPR accuracies as the short range, with
great improvement on the current long range method, making it suitable for rainfall corrections.
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AbSlraCI The Vertical Profile of Refleclivity (VPR) plays an important role when estimating the rain mte at
the surface and has been the subject of radar meteorology research for many years. The VPR can either be
sampled directly from observations that are close to the radar where the impact of the convolution with the
beam pattem can be ignored, or the parameters for a theoretical form for the VPR are ~slimated using the
available observations or climatology. In either case, a significant difficulty arises when a rain band
approaches the radar and quantitative precipitation estimates are required before any detailed observations of
the VPR at close range are possible. Long range in this context is the range where the height of the lowest
elevation angle in the volume scan is greater than the wet bulb freezing level at that time, and therefore only
limited information on the shape of the bright band is available. This paper uses a modified version of the
VPR model proposed by Fabry (1997) and evaluates strategies to make ol,'timum use of empirical
observations, and how estimates for the model parameters could be ufJdated m time. The technique is
demonstrated using case studies of widespread rainfall over Sydney and Brisbane. Australia. Comparing the
final technique to both the current short range and long range methods indicates that the parameterised VPR
is able to provide similar VPR accuracies as the short range, with great improvement On the curren! long
range method, making it suitable for rainfall corrections.
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INTRODUCTION
Accurate determinatiOnS of surface rainfall by radar are important in providing the spatial
distribu tion of rainfall. This is significant in areas from aviation to flood forecasting. However,
radar cannot measure surface rainfall directly. but relies on reflectivity measurements at various
altitudes that vary according to the Vertical Profile of Reflectivity (VPR). One of the most
significant effects is the increase of reflectivity at the O°C isothenn, known as the bright band,
occurring due to the melting of ice into liqui d droplets. Considerable attention has been given to
methods of determi ning the VPR over the past years (Andrieu & Creutin, 1995; Joss & Lee, 1995;
Kitchen et 01 .• 1994; Vignal et at., 2000, etc.).
The bright band is a significant increase in radar reflectivity over a relatively small change in
altitude, so the profile is strongly dependent on the range of the observation due to Ihe convolution
of the Gaussian beam profile and the true vertical profile. The curvature of the Earth implies that
the minimum observable height increases with range. These factors combine to timit the amount of
inrormation that can be inferred about the VPR from observations that are distant from the radar
and illustrates Why lhe VPR for many quantitative precipitation estimation systems is based on
observations that are within 65 km of the radar. This paper assumes that the VPR is constant ove r
the area under the radar and provides a method for inferring the VPR from observations at long
ranges using a parameterised model. The basic idea that is presented in this paper is to fit VPR
model parameters using daUl from a number of range intervals. Since some parameter estimates are
more equal than others (as it we re) a range weighted mean oflhe variable is then calculated.
Previous VPR parameterisations have been performed, in particular that by Fabry (1997):

z(h) = Zo + 6*10- 3hb -6.5*10- 3h +gexp( -11.6(h-h,,)/dn(h-h,,)

h> hb
(I)

,(h) = '. - 0.5 '\ 0" h +9exP(-1i.6(h - h.)/dl' )(h - h.)
where d is the bright band width, Zo the ground re fl ectivity, h the height and h" the bright band
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